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(54) PREDICTION METHOD FOR OUTSIDE-VEHICLE NOISE OF TIRE AND RECORDING 
MEDIUM STORED WITH TIRE OUTSIDE-VEHICLE NOISE PREDICTION PROGRAM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a prediction 
method, for the outside-vehicle noise of a tire, in which 
the level of the in-acceleration outside-vehicle noise of 
the tire can be predicted with high reproducibility, with 
satisfactory accuracy and easily. 

SOLUTION: The in-acceleration outside-vehicle noise of 
the tire is predicted in such a way that the inertia! 
running noise of the tire generated in a running operation 
at a prescribed running speed is composited with an in- 
acceleration noise increase amount generated in an 
acceleration at the predicted running speed. The in- 
acceleration noise increase amount is found by using 
frictional energy which is generated by accelerating the 
rotation of the tire and which acts between the tire and 
a road surface or by using frictional power which is 
generated by accelerating the rotation of the tire and 
which acts between the tire and the road surface. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Predict by compounding noise augend at the time of the acceleration generated in 
case the noise outside a vehicle is accelerated from the noise and a predetermined travel speed 
at the time of inertia transit of the tire generated in case it runs at the rate of predetermined at 
the time of acceleration of a tire. The friction energy which is the noise prediction approach 
outside a tire vehicle at the time of acceleration, and works between the tire produced at the 
time of said acceleration when noise augend accelerates rotation of a tire, and a road surface, 
Or the noise prediction approach outside a tire vehicle characterized by asking using the friction 
power committed between the tire produced by accelerating rotation of a tire, and a road 
surface. 

[Claim 2] Noise augend is the noise prediction approach outside a tire vehicle according to claim 
1 searched for with the function which carried out logarithmic transformation of the polynomial 
of said friction energy or said friction power at the time of said acceleration. 
[Claim 3] Said polynomial is the noise prediction approach outside a tire vehicle according to 
claim 2 which is the primary polynomial or secondary polynomial of said friction energy or said 
friction power. 

[Claim 4] Said friction energy is the noise prediction approach outside a tire vehicle according to 
claim 1 to 3 searched for using the driving force which works into a tire in case rotation of a tire 
is accelerated, and the slip ratio to the road surface of a tire. 

[Claim 5] Said friction energy is the noise prediction approach outside a tire vehicle according to 
claim 4 of carrying out the multiplication of said driving force and said slip ratio, and asking for 
them. 

[Claim 6] Said friction power is the noise prediction approach outside a tire vehicle according to 
claim 1 to 3 searched for using the driving force which works into said tire in case rotation of a 
tire is accelerated, and the slip velocity to the road surface of a tire. 

[Claim 7] Said friction energy is the noise prediction approach outside a tire vehicle according to 
claim 6 of carrying out the multiplication of said driving force and said slip velocity, and asking 
for them. 

[Claim 8] Said driving force is the noise prediction approach outside a tire vehicle according to 
claim 4 to 7 measured and acquired by the sensor attached in said car when the car equipped 
with a tire is actually accelerated. 

[Claim 9] Said slip ratio or said slip velocity is the noise prediction approach outside a tire 
vehicle according to claim 4 to 8 searched for from the travel speed of said car obtained when 
the car equipped with a tire is actually accelerated, and the angular rate of rotation of a tire. 
[Claim 10] It is the noise prediction approach outside a tire vehicle which is the noise prediction 
approach outside a tire vehicle according to claim 4 to 7, and is characterized by to compute 
said driving force and said slip ratio, or said slip velocity using the car item information on said 
assumed car, and the travel-speed information before and behind acceleration of said car 
supposing the car which equips with a tire in case the noise outside a vehicle is predicted at the 
time of acceleration of a tire. 

[Claim 1 1] The noise prediction approach outside a tire vehicle according to claim 10 
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characterized by making into 0.1 2 or less times of the empty vehicle weight of said car rotation 
equivalent partial weight produced with acceleration of said car 0.07 or more times in case said 
driving force and said slip ratio, or said slip velocity is computed. 

[Claim 12] The noise outside a vehicle is the noise prediction approach outside a tire vehicle 
according to claim 1 to 1 1 predicted in the form of [ of changing the noise level in a 
measurement-of-soundHevel location with the location of said tire ] a noise level fluctuation 
wave including the space attenuation which makes a tire the simple sound source at the time of 
acceleration of said tire. 

[Claim 13] By compounding noise augend at the time of the acceleration generated in case it 
accelerates from the noise and a predetermined travel speed using a computer at the time of 
inertia transit of the tire generated in case it runs at the rate of predetermined It is the record 
medium which recorded the program for predicting the noise outside a vehicle at the time of 
acceleration of a tire. At the time of said acceleration noise augend The record medium which 
recorded the noise prediction program outside a tire vehicle characterized by asking using the 
friction power committed between the friction energy which works between the tire produced by 
accelerating rotation of a tire, and a road surface or the tire produced by accelerating rotation of 
a tire, and a road surface. 

[Claim 14] It is the record medium which recorded the noise prediction program outside a tire 
vehicle according to claim 13. The driving force which works into a tire using the car item 
information on this car, and the travel-speed information before and behind acceleration of said 
car supposing the car which equips with a tire in case the noise outside a vehicle is predicted at 
the time of acceleration of a tire in case rotation of a tire is accelerated, Said driving force 
which computed the slip ratio to the road surface of a tire, or the slip velocity to the road 
surface of a tire, and was computed, The record medium which recorded the noise prediction 
program outside a tire vehicle characterized by computing said friction energy or said friction 
power using said slip ratio or said slip velocity. 



[Translation done.] 
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LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the noise prediction approach outside 
a tire vehicle at the time of the acceleration which can be predicted often [ precision ] and 
easily, and the record medium which recorded the noise prediction program outside a tire vehicle 
about the noise prediction approach outside a tire vehicle at the time of acceleration. 
[0002] 

[Description of the Prior Art] At the time of acceleration of current and an automobile, an upper 
limit is set up by regulation of traffic noise, and the noise outside a vehicle is JIS also about the 
test method. D 1024 and ISO It is set up by 362 as "being a noise test method outside a vehicle 
at the time of acceleration of an automobile." As shown in drawing 7 , location A-A' is passed 
with threshold speed Vin, Car C is set to location B-B' 20m away from location A-A', and this 
test method is escape velocity Vout. It is made to escape. It is the middle of location A-A' and 
location B-B\ and it is 7.5m away from the center line of a road surface G, and noise level is 
measured using the microphone arranged in the location (measurement-of-sound-level location) 
M located in height of 1.2m from a road surface G until the back end of Car C passes location 
B-B', after the front end of Car C passes location A-A' in that case. Since the tire noise 
generated from Tire T is also included as an element of the noise outside a vehicle in this test 
method at the time of acceleration, it is desirable for the noise outside a vehicle to be also low 
at the time of acceleration of the tire which generates Tire T as a sound source. 
[0003] At the time of acceleration of current and such a tire, the noise outside a vehicle is 
searched for by running a car using the road surface paved with a carpet, and measuring the 
noise in that case, in order to carry out noise reduction of an engine sound, an inhalation-of-air 
sound, exhaust sound, etc. of a car by noise reduction processing or to eliminate the tire noise 
generated from between a tire and a road surface. 
[0004] 

[Problem(s) to be Solved by the Invention] however, in the real vehicle trial which used such a 
car When the rate in the escape location defined above "it is a noise test method outside a 
vehicle at the time of acceleration of an automobile" performs noise reduction processing to a 
car, in order for the acceleration engine performance of a car to fall Or in order to carpet on a 
road surface G and to perform acceleration transit for noise reduction It is escape velocity Vout 
from the case where driving force runs the IS0 10844 road-surface top which does not fully 
generate but is defined by specification. It was late, namely, the acceleration in a real vehicle 
trial was small in many cases, and there was a problem that the precision of the noise outside a 
vehicle was bad, at the time of acceleration of the tire which can be found from the 
measurement result of a real vehicle trial. Moreover, since the noise level of a car also changed 
whenever it carries out noise reduction processing, at the time of acceleration of the tire 
predicted using a measurement result, the noise outside a vehicle changed at every noise 
reduction processing, and had the problem that repeatability was also bad. 
[0005] Moreover, when the noise outside a vehicle was searched for from the measurement 
result of a real vehicle trial at the time of acceleration of a tire, using the relation between a car 
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location, a car rate, and noise level, complicated processing had to be performed using this 
relation and there was also a problem that the measuring time and the processing time became 
long. 

[0006] For example, the above JIS D 1024 and ISO Carry out acceleration transit of the car C ^ 
using "being a noise test method outside a vehicle at the time of acceleration of an automobile", 
and the noise is measured. [ which is specified by 362 ] Since about ten acceleration transit is 
needed for one acceleration transit in consideration of dispersion in measurement from this 
measurement data for about 3 minutes when searching for the noise outside a vehicle at the 
time of acceleration of Tire T, this acceleration driving test takes about 30 minutes. 
Furthermore, it is necessary to carpet a road surface G, or to prepare the smooth tire with 
which the pattern is not given to the tread section of a tire, and to perform an acceleration 
driving test on the same transit conditions as the above-mentioned acceleration driving test, and 
this acceleration driving test takes about 30 minutes, furthermore, the threshold speed Vin which 
is the transit conditions of the above-mentioned acceleration driving test to escape velocity 
Vout up to — it is necessary to measure the noise at a predetermined travel speed at the time 
of inertia transit, and a noise test takes about 30 minutes at the time of this inertia transit. That 
is, only measurement takes sum total about 90 minutes. Furthermore, it is necessary to perform 
complicated processing using the relation between the noise level of measurement-of-sound- 
level data and the location of Car C which are obtained as time series data, and the travel speed 
at that time. This processing takes about 180 minutes and the time amount for sum total about 
270 minutes is required together with about 90 above-mentioned minutes which measurement 
takes. When the relation of the noise level, the location, and the travel speed at the time of Car 
C is unknown, the noise outside a vehicle cannot be searched for at the time of acceleration of a 
tire. Even when there is a car C which carried out silence processing even if, since about 10 
times needs to be acceleration run, in consideration of dispersion in measurement, it requires for 
one acceleration transit for about 30 minutes for 3 minutes at measurement. Thus, when the 
noise outside a vehicle was searched for from the measurement result of a real vehicle trial at 
the time of acceleration of a tire, there was a problem that the measuring time and the 
processing time became long. 

[0007] Then, this invention cancels the above-mentioned trouble and aims at offer of the noise 
prediction approach outside a tire vehicle that repeatability is high and can predict the level of 
the noise outside a vehicle often [ precision ] and easily at the time of acceleration of a tire. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention 
at the time of acceleration of a tire the noise outside a vehicle Predict by compounding noise 
augend at the time of the acceleration generated in case it accelerates from the noise and a 
predetermined travel speed at the time of inertia transit of the tire generated in case it runs at 
the rate of predetermined. The friction energy which is the noise prediction approach outside a 
tire vehicle at the time of acceleration, and works between the tire produced at the time of said 
acceleration when noise augend accelerates rotation of a tire, and a road surface, Or the noise 
prediction approach outside a tire vehicle characterized by asking using the friction power 
committed between the tire produced by accelerating rotation of a tire and a road surface is 
offered. 

[0009] As for noise augend, it is desirable at the time of said acceleration to ask with the 
function which carried out logarithmic transformation of the polynomial of said friction energy or 
said friction power here, and, as for said polynomial, it is desirable that it is the primary 
polynomial or secondary polynomial of said friction energy or said friction power. As for said 
friction energy, it is desirable to ask using the driving force which works into a tire in case 
rotation of a tire is accelerated, and the slip ratio to the road surface of a tire here, and, as for 
said friction energy, it is desirable to carry out the multiplication of said driving force and said 
slip ratio, and to ask for them. On the other hand, as for said friction power, it is desirable to ask 
using the driving force which works into said tire in case rotation of a tire is accelerated, and the 
slip velocity to the road surface of a tire, and, as for said friction energy, it is desirable to carry 
out the multiplication of said driving force and said slip velocity, and to ask for them. 
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[0010] Moreover, as for said driving force, it is desirable to be measured and acquired by the 
sensor attached in said car, when the car equipped with a tire is actually accelerated, and, as for 
said slip ratio or said slip velocity, it is desirable to ask from the travel speed of said car 
obtained when the car equipped with a tire is actually accelerated, and the angular rate of 
rotation of a tire. 

[001 1] Here, in case the noise outside a vehicle is predicted in the above-mentioned noise 
prediction approach outside a tire vehicle at the time of acceleration of a tire, it is desirable that 
said driving force and said slip ratio, or said slip velocity is computed using the car item 
information on said assumed car and the travel-speed information before and behind 
acceleration of said car supposing the car equipped with a tire. In case said driving force and 
said slip ratio, or said slip velocity is computed in that case, it is desirable to make into 0.12 or 
less times of the empty vehicle weight of said car rotation equivalent partial weight produced 
with acceleration of said car 0.07 or more times. Furthermore, as for the noise outside a vehicle, 
it is desirable at the time of acceleration of said tire to be predicted including the space 
attenuation which makes a tire the simple sound source in the form of [ of changing the noise 
level in a measurement-of-sound-level location with the location of said tire ] a noise level 
fluctuation wave. 

[0012] This invention moreover, by compounding noise augend at the time of the acceleration 
generated in case it accelerates from the noise and a predetermined travel speed using a 
computer at the time of inertia transit of the tire generated in case it runs at the rate of 
predetermined It is the record medium which recorded the program for predicting the noise 
outside a vehicle at the time of acceleration of a tire. At the time of said acceleration noise 
augend The friction energy which works between the tire produced by accelerating rotation of a 
tire, and a road surface, Or the record medium which recorded the noise prediction program 
outside a tire vehicle characterized by asking using the friction power committed between the 
tire produced by accelerating rotation of a tire and a road surface is offered. 
[0013] In the record medium which recorded the above-mentioned noise prediction program 
outside a tire vehicle here The driving force which works into a tire using the car item 
information on this car, and the travel-speed information before and behind acceleration of said 
car supposing the car which equips with a tire in case the noise outside a vehicle is predicted at 
the time of acceleration of a tire in case rotation of a tire is accelerated, It is desirable to 
compute the slip ratio to the road surface of a tire or the slip velocity to the road surface of a 
tire, and to compute said friction energy or said friction power using said computed driving force, 
and said slip ratio or said slip velocity. 
[0014] 

[Embodiment of the Invention] Hereafter, the record medium which recorded the noise prediction 
approach outside a tire vehicle of this invention and the noise prediction program outside a tire 
vehicle is explained to a detail based on the suitable example shown in an attached drawing. 
[0015] The configuration of the noise prediction equipment 10 outside a tire vehicle which 
enforces the noise prediction approach outside a tire vehicle of this invention is shown in 
drawing 1 . The noise prediction equipment 10 outside a tire vehicle is JIS as shown in drawing 
7 . D It is what predicts and computes noise L+delta outside vehicle L at the time of the , 
acceleration generated from Tire T faithfully supposing "being a noise test method outside a 
vehicle at the time of acceleration of an automobile". [ which is defined by 1024 ] At the time of 
the input section 1 1 , the car property operation part 1 2, the friction energy operation part 1 4, 
and acceleration, at the time of the noise augend operation part 16 and inertia transit, it has the 
noise operation part 18 and the memory section 22 which carries out record maintenance of the 
known information, such as the noise operation part 20 outside a vehicle and car item 
information, and the drive mu-S property of a tire, at the time of acceleration, and is constituted. 
In addition, a configuration part may be constituted by the hardware designed by the circuit 
board even if it consists of software which such a configuration part of the noise prediction 
equipment 10 outside a tire vehicle is performed within a computer, and demonstrates a function. 

[0016] The input section 1 1 is a part where the class of car C, and the class of tire T and the 
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class of road surface G further assumed in order to predict the noise outside a tire vehicle, the 
travel-speed information Vin t i.e., the threshold speed, and escape velocity Vout before and 
behind acceleration of the car C it runs according to a test condition, and are inputted using 
actuation systems, such as a keyboard and a mouse. The inputted information is sent to the 
noise operation part 18 at the time of the car property operation part 12, the friction energy 
operation part 14, and inertia transit. 

[0017] The car property operation part 12 is the threshold speed Vin and escape velocity Vout 
which were sent from the input section 11. Reception, On the other hand, the car item 
information on the inputted car C by which record maintenance is carried out is called to the 
memory section 22, this car item information is used from the information about the class of car 
C sent from the input section 11, and they are acceleration alpha and an acceleration resistance 
Rh. It minds. Driving force Fx which works into the tire T per flower And it is the part which 
computes coefficient of friction mu of Tire T. About the calculation approach, it mentions later. 
[0018] The friction energy operation part 14 is the driving force Fx computed by the car 
property operation part 1 2. Using the information about the class of tire and the class of road 
surface which reached and were sent from the input section 1 1 using coefficient of friction mu, a 
desired drive mu-S property is called from the memory section 22, the slip ratio S is computed, 
and it is the friction energy Ed. It is the part to compute. About the calculation approach, it 
mentions later. 

[0019] The rate Vv which Tire T rolls as it is indicated in drawing 2 as the slip ratio S here, and 
progresses an effective radius the angular rate of rotation omega of R and Tire T, and ahead of a 
tire, i.e., a car travel speed, When it carries out, it is the ratio defined by the following formula (1). 

S = (Rxomega -Vv) /(Rxomega) (1) 

[0020] Moreover, driving force Fx which works between Tire T and a road surface G as it is 
indicated in drawing 2 as a drive mu-S property by acceleration of the angular rate of rotation 
omega of Tire T Load FZ on which Tire T forces a road surface G A drive mu-S property with 
the characteristic curve C as is the defined property and shows how Ratio (= FX/FZ) mu, i.e., 
coefficient of friction, changes to the slip ratio S to drawing 3 is acquired. Namely, it is driving 
force FX at the time of coasting transit. Although the slip ratio S is 0 since it is 0, Tire T is a 
road surface G to the driving force Fx by acceleration of the angular rate of rotation omega of 
Tire T. Winning popularity, coefficient of friction mu becomes large and the slip ratio S becomes 
large gradually. However, there is a limitation in the coefficient of friction mu between Tire T and 
a road surface G, and it is coefficient-of-friction mup. It does not exceed. That is, the slip ratio 
by acceleration of the angular rate of rotation omega of Tire T is Sp. If it exceeds, Tire T starts 
a slip to a road surface G, and is driving force Fx. It falls and coefficient of friction mu falls. For 
the acceleration of the angular rate of rotation of Tire T performed in the noise prediction 
equipment 10 outside a tire vehicle, the slip ratio S is the slip ratio SP. It is carried out in the 
following range. Therefore, if coefficient-of-friction mum is obtained, it is the slip ratio Sm 
uniquely. It can be found. 

[0021] When the approximation function which approximates this characteristic curve C is held 
by the memory section 22, record maintenance of such a drive mu-S property is carried out. 
This approximation function may be called, may be constituted so that the slip ratio S may be 
computed based on this approximation function, and It may hold in the memory section 22 by 
using two or more dispersed points on the curve C as shown in drawing 3 as a reference table, 
this reference table may be called, and the slip ratio S may be computed based on a reference 
table. Since such a drive mu~S property changes with the class of tire, or classes of road 
surface G, storage maintenance of the various drive mu-S properties is carried out beforehand 
at the memory section 22. 

[0022] On the other hand, it is the friction energy Ed. The energy generated by friction between 
Tire T and a road surface G is meant. Here, it is the friction energy Ed. It defines according to 
the following type (2). 
Ed = Fx x S (2) 

Here, it is the friction energy Ed. Being expressed with a formula (2) is based on the following 
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reasons. 

[0023] That is, originally it is the friction energy Ed. It is driving force Fx about the amount Xdisp 
of displacement of the tire T to a road surface G. It is obtained by carrying out multiplication. 
The amount Xdisp of displacement of the tire T to a road surface G here treading-in edge EL 
where the tire T to rotate begins to touch a road surface G from — kicking — taking out — 
edge ET It is the amount which the tread section of Tire T displaces to a road surface G in 
between. This rate Rxomega and the car travel speed Vv at the time of touching the road 
surface G of the tire T from which tire ** carries out the multiplication of the ********** R, 
and is obtained by the angular rate of rotation omega of Tire T the speed difference — the tread 
section of Tire T — breaking in — edge EL from — kicking — taking out — edge ET up to — it 
can be found by carrying out the multiplication of the pass time t. furthermore, this pass time t - 
- treading-in edge EL from — kicking — taking out — edge ET up to — it is obtained by doing 
the division of the distance L by rate Rxomega. namely, the variation rate of Tire T — although 
an amount Xdisp can be found according to the following type (3) — treading-in edge EL from — 
kicking — taking out — edge ET up to — change of distance L — a variation rate — 
contribution given to change of an amount Xdisp — small — distance L — abbreviation — it can 
think as fixed and can define by the form of a formula (2). 
Xdisp = (Rxomega -Vv) x (L/(Rxomega)) (3) 

In addition, the above-mentioned example is the friction energy Ed. It is driving force FX like a 
formula (2). Although defined by the product of the slip ratio S, in this invention, it is not limited 
to this but the following formula (4) is followed, and it is the friction energy Ed. Driving force FX 
You may be any as long as it expresses with the function f using the slip ratio S. For example, 
driving force FX The secondary polynomial [ 3rd ] of the slip ratio S etc. is illustrated. 
Ed = f(Fx ,S) (4) 

[0024] The noise augend operation part 1 6 is the friction energy Ed obtained by the friction 
energy operation part 14 at the time of acceleration. It is the part which uses and computes 
noise augend deltaL at the time of acceleration of Tire T. Here, at the time of acceleration of 
Tire T, noise augend deltaL follows the following formula (5), and is the friction energy Ed. It asks 
with the function which carried out logarithmic transformation of the polynomial g (Ed). 
deltaL = 10 x log {g(Ed)/(2pir2)} (5) 

Here, r is the distance of Tire T and the measurement-of-soundHevel location M, and the space 
attenuation which made Tire T the simple sound source is taken into consideration so that the 
value of Polynomial g (Ed) may fall in the form in inverse proportion to the square of r. Here, g 
(Ed) is the primary polynomials [ secondary / 3rd / further ]. Since noise augend deltaL is 
expressed by the function of the distance r of the location of Tire T, and the measurement-of- 
sound-level location M at the time of such acceleration as shown in a formula (5) JIS D In order 
to change into the distance rO defined by "it being a noise test method outside a vehicle at the 
time of acceleration of an automobile", [ of 1024 ] The amount Lhang of front body overhangs of 
the car C in car item information is used, and it is distance rO. It changes and is distance rO 
further. The formula of noise augend deltaL is used at the time of the changed acceleration, and 
it is distance rO. A value is changed and it is distance rO. It asks for noise augend deltaL at the 
time of the receiving acceleration. Noise augend deltaL is sent to the noise operation part 20 
outside a vehicle at the time of acceleration at the time of such acceleration. 
[0025] The noise operation part 18 is the threshold speed Vin and escape velocity Vout which 
we re sent from the input section 1 1 at the time of inertia transit. It is the part which computes 
the noise L using information at the time of the inertia transit in each travel speed under 
acceleration. The noise L is the car travel speed Vv here at the time of inertia transit. In case it 
runs, it is the noise of the tire T generated from Tire T. Generally, the noise is the car travel 
speed Vv at the time of inertia transit. It receives and is C1 xlog(Vv)+. It is expressed with the 
form of C2 (constant predetermined in C1 and C2). Also in the noise operation part 18, the noise 
L is computed in consideration of the space attenuation at the time of setting distance of the 
location of Tire T, and the location of the measurement-of-sound-level location M to r further 
using this at the time of the inertia transit in each travel speed under acceleration in the 
measurement-of-sound-level location M at the time of inertia transit. Distance rO defined above 
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"it is a noise test method outside a vehicle at the time of acceleration of an automobile" using 
the amount Lhang of front body overhangs of the car C in car item information in that case as 
shown in drawing 5 It changes and is distance rO. It is made to change and is distance rO. The 
noise L is searched for at the time of the receiving inertia transit. In this way, the noise L is sent 
to the noise operation part 20 outside a vehicle at the time of acceleration at the time of the 
computed inertia transit. 

[0026] As for the noise operation part 20 outside a vehicle, noise augend deltaL is compounded 
by the noise L at the time of acceleration at the time of inertia transit at the time of 
acceleration. At the time of the sent inertia transit, at the time of the noise L and acceleration, 
since noise augend deltaL is data of the unit of dBA, after being once returned to sound 
pressure and adding the sound pressure of noise augend deltaL in linearity at the time of the 
noise L and acceleration at the time of the inertia transit in the same distance rO, logarithmic 
transformation of the synthetic approach is carried out, and it is returned to the unit of dBA. In 
this way, distance rO in the measurement-of-sound-level location M Noise L+delta outside 
vehicle L is computed at the time of the receiving acceleration of Tire C, it is sent to a monitor, 
a printer, etc. which are not illustrated, and the printed output of the noise level fluctuation wave 
W as shown in drawing 1 is displayed or carried out. 

[0027] Car item information is classified into the class of car C, storage maintenance is carried 
out, and it is classified into the combination of the class of tire T, and the class of road surface 
G by the memory section 22, and record maintenance of the drive mu-S property is carried out 
at it. Car item information is information, such as the numbers of driving wheels, such as drive 
methods, such as a wheel base, FF, and FR, and four flowers, and two etc. flowers, in vehicle 
overall length, crew and the amount of product loads, empty vehicle weight, the amount of last 
axle loads, and car center-of-gravity height. The class of car means the form of the type of a 
car which a car manufacturer manufactures and sells etc. Or like a passenger car and a 1t truck, 
it may be classified into a rough type of a car, and storage maintenance of the typical car item 
information according to it may be carried out. 

[0028] the drive mu-S property by which record maintenance is carried out — FT— III by the 
MTS company etc. — it could be measured by the measurement on an indoor base which 
measures a mu-S property, and you may be measured by the real on the street one using the 
well-known trailer which measures a mu-S property, and it may be computed by simulation being 
carried out using a still better known tire structure model etc. Moreover, friction energy Ed used 
for the memory section 22 by the noise augend 16 at the time of acceleration Each multiplier of 
the function g of a polynomial (Ed) may be recorded, and record maintenance of the multiplier of 
Function g (Ed) may be carried out at the memory section 22 so that the desired function g (Ed) 
may be set up by an operator's input. 

[0029] In addition, the above-mentioned example is the friction energy Ed of Tire T. Friction 
power Wd performed between Tire T and a road surface G instead of friction energy Ed </SUB> 
in this invention although it uses and asks for noise augend deltaL at the time of acceleration 
You may use. In this case, it changes to the friction energy operation part 1 4, and friction power 
operation part is used. In friction work operation part, it asks for the slip ratio S like the friction 
energy operation part 14 using the coefficient of friction mu sent from the car property 
operation part 12, and the drive mu-S property called from the memory section 22. Furthermore, 
the slip ratio S, threshold speed Vin, and escape velocity Vout which were called for It uses, 
asks for slip velocity (Rxomega-Vv ) (=deltaV), and is driving force Fx to this slip velocity 
(Rxomega-Vv ). It is the friction power Wd by carrying out multiplication. It asks. The multiplier of 
the polynomial of a formula (5) is the friction energy Ed in that case. It differs from the case 
where it uses. The noise prediction equipment 10 outside a tire vehicle is constituted as 
mentioned above. 

[0030] Next, the noise prediction approach outside a tire vehicle of this invention is explained 
based on the processing flow in the noise prediction equipment 10 outside a tire vehicle shown 
in drawing 4 . First, the information about the class of threshold speed Vin (km/h) and escape 
velocity Vout (km/h), and car C, the class of tire T, and the class of road surface G is inputted 
into the input section 1 1 (step 100). Next, the inputted information is sent to the car property 
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operation part 12, and the car item information on the request by which record maintenance was 
carried out is called to the memory section 22 from the information about the class of car C. 
vehicle overall length Ltotal in this car item information location A-A' which is used and is shown 
in drawin g 7 according to the following type (6), and location B-B' 20m away from this location - 
- the acceleration alpha of a between (m/s2) is computed (step 1 02). 
alpha = [(Vout/3.6) 2-(Vin/3.6) 2) / 2/(Ltotal+20) (6) 

here — the denominator of a formula (2) — setting — ** (Ltotal+20) — after the front end of 
Car C passes [ the above-mentioned test method ] location A-A', it carries out because while 
the back end of Car C passes location B-B' is set as the measuring time. 

[0031] The called-for acceleration alpha is the empty vehicle weight W1 in car item information. 
It reaches and is an acceleration resistance Rh in crew and the amount w of product loads. It 
computes according to the following formula (7) (step 1 04). 
Rh = (W1+ deltaW + w) x alpha/G (7) 

Here, G is gravitational acceleration and deltaW is rotation section phase-splitting this weight. 
Rotation section phase-splitting this weight is empty vehicle weight W1 . When it is desirable that 
they are [ 0.07 or more time ] 0.12 or less times, for example, Car C is a passenger car, it is 
empty vehicle weight W1 . When Car C is a truck, one about 0.08 times the weight of this is 
empty vehicle weight W1 . The one of being used as rotation section phase-splitting this weight 
about 0.1 1 times the weight of this is good. 

[0032] Here, in case rotation section phase-splitting this weight deltaW accelerates Car C, it 
means what expressed the inertial resistance accompanying acceleration of rotating parts, such 
as Tire T and a rotation shaft, with the dimension of weight. Moreover, rolling resistance Rr 
produced when the whole wheel containing the tire T of Car C rotates Generally it is empty 
vehicle weight W1. By reaching, since it is the 0.02 times as many abbreviation for the sum of 
crew and the amount w of product loads as this, the following formula (8) is followed, and it is 
rolling resistance Rr. It asks. 

Rr = 0.02x (W1+ w) (8) Acceleration resistance Rh obtained in this way Rolling resistance Rr It is 
added. Furthermore, in n= 2 or 4-flower drive, n=4** is taken into consideration by the case of 
the several n driving wheel which becomes settled according to the class of car C, for example, a 
two-flower drive. The driving force Fx which works to one flower of Car C according to the 
following formula (9), i.e., driving force per [ which the tire T to accelerate receives from a road 
surface G ] flower, It is computed (step 106). Generally, although air resistance is also produced 
at the time of acceleration transit of Car C, air resistance is an acceleration resistance Rh. 
Rolling resistance Rr It compares and can omit small. 
Fx = (Rh + Rr )/n (9) 

[0033] Thus, driving force Fx which works into the tire T called for By comparing with the 
measurement driving force actually measured by real vehicle trial, it is empty vehicle weight W1 
about rotation section phase-splitting this weight deltaW mentioned above. What it asks for as 
0.12 or less times 0.07 or more times is the rolling resistance Rr for which it was desirable and 
asked according to the formula (8). It turns out that including is desirable. 

[0034] Driving force Fx computed using formula (7) - (9) when using FR passenger car of a rear 
drive for drawing 5 as a car C A characteristic indication of the measurement driving force 
measured by the real vehicle trial is given. Here, driving force is measured with the component- 
of-a-force meter which attached in the axle of a rear wheel the measurement driving force 
measured by real vehicle trial. According to the test method shown in drawing 7 , it advances 
from location A-A by making threshold speed Vin into 50 km/h, it sets to location B-B', and the 
transit conditions of Car C are escape velocity Vout. It escapes. The graph in drawing 4 shows 
the relation of the driving force to the speed difference (Vout-50), and the result of the actually 
measured measurement driving force is plotted by <> mark. 

[0035] moreover, driving force Fx computed by a formula (7). (8), and (9) at drawing 4 ******** 
— rolling resistance Rr With each notation of ** mark, ** mark, and * mark, the result of 
existence and three conditions about extent of rotation section phase-splitting this weight 
deltaW is distinguished, and is describing. 

[0036] ** mark in drawing 4 makes rotation section phase-splitting this weight deltaW in a 
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formula (7) 0.08 times of empty vehicle weight W1 here. Rolling resistance Rr in a formula (9) It is 
a result at the time of using according to a formula (8). ** mark It is empty vehicle weight W1 
about rotation section phase-splitting this weight deltaW of a formula (7). It considers as 0.08 
times and is the rolling resistance Rr in a formula (9). It is a result at the time of being referred 
to as 0. * mark It is empty vehicle weight W1 about rotation section phase-splitting this weight 
deltaW in a formula (7). It considers as 0.8 times and is the rolling resistance Rr in a formula (9). 
It is a result at the time of being referred to as 0. In addition, it sets in * mark and is empty 
vehicle weight W1 about rotation section phase-splitting this weight deltaW in a formula (7). In 
the case of the former and a passenger car, it is the empty vehicle weight W1 which was 
considered as 0.8 times. In the case of 0.8 times and a medium-duty truck, it is empty vehicle 
weight W1. It is [ that it is known that they are 1.10 times (Riko-Tosho Publishing Co., Ltd. 
"automatic Shariki study" Katsuzo Kageyama, Ichiro Kageyama work, P66) and ]. 
[0037] The plot nearest to [ so that clearly from drawing 5 ] the result of the measurement 
driving force expressed with <> mark is empty vehicle weight W1 about rotation section phase- 
splitting this weight deltaW. It is ** mark which considered as 0.08 times and took rolling 
resistance Rr into consideration, and is ** mark at the degree. It is based on the conventional 
knowledge and is empty vehicle weight W1 about rotation section phase-splitting this weight 
deltaW. * mark made into 0.8 times separates greatly from the result of measurement driving 
force. 

[0038] Driving force Fx computed using formula (7) - (9) when Car C is used as a truck It is 
empty vehicle weight W1 about rotation section phase-splitting this weight deltaW. By 
considering as a 0.1 1 times as many abbreviation as this, it corresponds with measurement 
driving force. As mentioned above, it is empty vehicle weight W1 about rotation equivalent weight 
deltaW. It is desirable that it takes 0.07 or more times for 0.12 or less times. 
[0039] Next, load migration deltaWm of the car C order ring accompanying acceleration alpha 
using the acceleration alpha for which it asked at step 102 It computes according to the 
following formula (10) (step 108). 
deltaWm = hx(W1+ w) x alpha/Lw /G (10) 

Here, h is a car height of center of gravity in car item information, and is Lw. A wheel base is 

shown. In this way, load migration deltaWm computed The load Fz which joins a driving wheel 

according to the following type (11) or (12), i.e., the normal load which acts on the tire T of a 

driving wheel, It is computed (step 110). 

In the case of FF: Fz =(Wf- deltaWm)/n (11) 

In the case of FR: Fz =(Wr+ deltaWm)/n' (12) 

Here, it is Wf. It is a front axle weight in car item information, and is empty vehicle weight W1. 
When crew and the addition weight w are applied, they are ** or ****** at a last shaft. Wr the 
amount of back axle loads — it is — Wr =W1+w~Wf it is . Here, n' is the number of wheels of a 
last shaft or a back shaft, for example, in the case of a passenger car, is n'=2. 
[0040] (In this way, the load on driving wheel Fz searched for, i.e., the normal load which acts on 
the tire T of a driving wheel, Driving force Fx computed at step 106 It uses and the coefficient of 
friction mu mu of a driving wheel, i.e., coefficient of friction of the tire T of a driving wheel, is 
computed according to the following type (13) (step 1 12).) 
mu = Fx/ Fz (13) 

In this way, it is sent to the obtained friction energy operation part 14. Although computed using 
an analysis type, in this invention, the processing of steps 102-1 12 in this example performed by 
the car property operation part 12 may not be limited to this, but may be calculated using the 
car model modeled based on car item information using a well-known mechanism solution 
program. For example, it is Mechanical Dynamics.Inc. as a mechanism solution program. Shrine 
ADMS etc. is illustrated. Thus, it is a normal load Fz easily by using the car model created by the 
analysis type, the mechanism solution program, etc. It is computable. Furthermore, coefficient of 
friction mu is computable by using the tire model created by finite-element-method programs, 
such as ABAQUS. 

[0041] In addition, driving force FX There is not necessarily no need of being computed using the 
car model created by the analysis type or the mechanism solution program, and it sets to this 
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invention. What was actually measured by sensors attached in the rotation axle of the tire T of 
Car C, such as a 6-minute force gauge, and was acquired may be adopted by actually 
accelerating the car C equipped with Tire T from a predetermined rate. Moreover, what is called 
for by measuring the travel speed of Car C and the rotational speed of Tire T may be adopted by 
accelerating the car C equipped with Tire T from a predetermined rate also about the slip ratio S 
or slip velocity deltaV. 

[0042] In the friction energy operation part 1 4, as the drive mu-S property of the request by 
which record maintenance was carried out is called to the memory section 22 and it is shown in 
drawing 3 based on the coefficient of friction mu sent from the car property operation part 12 
from the information about the class of tire T and the class of road surface G which were sent 
from the input section 11, the slip ratio S is computed (step 114). A drive mu-S property is the 
normal load Fz which joins Tire T since coefficient of friction mu and the slip ratio S are formed 
into the-less dimension. The case where it differs, and car travel speed Vv It can use, even 
when the angular rates of rotation omega differ. 

[0043] Next, the slip ratio S and driving force FX which were computed It uses, a formula (2) and 
a formula (4) are followed, and it is the friction energy Ed. It computes (step 1 1 6). In this way, 
computed friction energy Ed It is sent to the noise augend operation part 1 6 at the time of 
acceleration, and noise augend deltaL is computed at the time of acceleration (step 1 1 8). The 
calculation approach is computed according to a formula (5). Here, it is C3 xEd+C4 as a function 
of g (Ed). The primary polynomial [ secondary ] (C3 - C6 are all a predetermined multiplier) of C5 
xEd 2-C6 xEd etc. is illustrated. The amount Lhang of front body overhangs of the car C in the 
car item information that the distance r in a formula (5) is furthermore shown in drawing 7 is 
used, and it is distance rO. It changes and is distance rO. A value is changed and it is distance rO. 
It asks for noise augend deltaL at the time of the receiving acceleration. Noise augend deltaL is 
sent to the noise operation part 20 outside a vehicle at the time of acceleration at the time of 
such acceleration. 

[0044] The threshold speed Vin sent from the input section 1 1 by the noise operation part 18 on 
the other hand at the time of inertia transit, and escape velocity Vout The noise L is computed 
using information at the time of the inertia transit in each travel speed under acceleration (step 
120). Namely, it is the noise L at the time of inertia transit C1 xlog(Vv)+ It computes in the form 
of C2 (each of C1 and C2 is a predetermined multiplier), the space attenuation at the time of 
considering as the distance r of Tire T and the measurement-of-sound-Ievel location M is 
further taken into consideration, and it is distance rO. The noise L is searched for at the time of 
the receiving inertia transit. At the time of such inertia transit, the noise L may actually run Car 
C, may measure it, may obtain it, and may obtain it using a well-known measurement-on indoor 
base machine. The noise L is sent to the noise operation part 20 outside a vehicle at the time of 
acceleration at the time of the called-for inertia transit. 

[0045] At the time of acceleration, by the noise operation part 20 outside a vehicle, noise 
augend deltaL is compounded at the time of the noise L and acceleration at the time of the sent 
inertia transit, and noise L+delta outside vehicle L is computed at the time of acceleration of 
Tire T (step 122). Here, at the time of the sent inertia transit, at the time of the noise L and 
acceleration, since it is obtained by dBA display, it is changed into linear sound pressure, and 
noise augend deltaL is the same distance rO. After the sound pressure which can be set is 
added, logarithmic transformation is carried out and it considers as a dBA display. The noise 
level fluctuation wave W from which the data of noise L+delta outside vehicle L are outputted 
[ equipment / 10 / outside a tire vehicle / noise prediction ] as output data, and numeric data is 
outputted to output units which are not illustrated, such as a monitor and a printer, or noise 
level changes according to the location of Car C is displayed at the time of such acceleration. 
[0046] The comparison with the forecast of noise L+delta L ** outside a vehicle and the 
measured value which actually ran Car C, measured it and searched for the noise outside a 
vehicle with high precision at the time of acceleration of Tire T is shown in drawing 6 on the 
basis of predetermined noise level alpha [dBA] at the time of acceleration of the tire T predicted 
by the above-mentioned approach. Each of forecasts and measured value shows the noise level 
to the location of the car of arbitration among the acquired noise level fluctuation waves W. In 
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addition, the used tire T is all a tire for entrapment, and is a tire of ten specifications of ZR16 
225/50 with the tire of 205 / 5 of 55R16 specifications, the tire of three specifications of 215 / 
60R16, and the tire of four specifications of 225/45ZR17. 

[0047] It sets at a ceremony (5) and ** mark among drawing 6 is C5 xEd 2-C6 xEd (C5 and C6) 
about g (Ed). It is the plot of the forecast and measured value of noise L+delta outside vehicle L 
at the time of the acceleration from which all were obtained as a predetermined multiplier. <> 
mark Friction energy Ed of a formula (5) It is the friction power Wd to instead of. It is the plot of 
the forecast and measured value of noise L+delta outside vehicle L at the time of the 
acceleration which used and was obtained considering g (Wd) at that time (each of C3 and C4 is 
a predetermined multiplier) as C3 xEd+C4. 

[0048] The correlation coefficient of the forecast of <> mark and measured value is abbreviation 
0.8, forecast =1 .0008x measured value, a next door, and the precision of the regression at that 
time are also good, moreover, repeatability is also high and drawing 6 shows that a forecast is 
equivalent to measured value. Furthermore, the correlation coefficient of the forecast of ** mark 
and measured value is abbreviation 0.9, it is very accurate, and moreover, repeatability is also 
high and regression is also known by forecast =0.999x being measured value, being a next door, 
and that a forecast is equivalent to measured value. 

[0049] When the noise L and a drive mu-S property are known in using such a noise prediction 
approach outside a tire vehicle at the time of inertia transit, calculation of noise L+delta outside 
vehicle L is about 10 seconds only at the time of acceleration. When the noise L and a drive mu- 
S property are not known at the time of inertia transit but you need measurement of this drive 
mu-S property, the acquisition by measurement of a drive mu-S property is about only 1 minute, 
and takes only about a total of 31 minutes together with time amount 30 minutes which 
measurement of the noise L takes at the time of inertia transit. The former, JIS D 1024 and ISO 
Measurement of sound level is performed using "being a noise test method outside a vehicle at 
the time of acceleration of an automobile", and the time amount which calculation of the noise 
outside a vehicle takes at the time of acceleration of a tire is sharply shortened compared with 
the case where the noise outside a vehicle is searched for at the time of acceleration of a tire. 
[ which is specified by 362 ] And as shown in drawing 6 , repeatability is high and can compute 
with a sufficient precision. 

[0050] As for such a prediction approach of the noise outside a tire vehicle, it is desirable to be 
stored in well-known record media, such as CD-ROM and a floppy disk, as a noise prediction 
program outside a tire vehicle. The noise augend operation part 16 and the program which 
carries out each function of the noise operation part 20 outside a vehicle at the time of the 
noise operation part 18 or acceleration at the time of inertia transit may be stored in a record 
medium at the time of acceleration, and for example, further Friction energy Ed Friction power 
Wd Driving force Fx needed in case it computes It reaches. The program which carries out each 
function, such as the car property operation part 12 and the friction energy operation part 14 
which compute coefficient of friction mu, slip velocity deltaV, etc., and friction power operation 
part, may be stored in a record medium. Moreover, the program which functions the noise 
prediction equipment 10 outside a tire vehicle whole may be stored in a record medium. 
[0051] As mentioned above, although the record medium which recorded the noise prediction 
approach outside a tire vehicle of this invention and the noise prediction program outside a tire 
vehicle was explained to the detail, this invention of various kinds of amelioration and 
modification being made is natural in the range which limitation is not carried out to the above- 
mentioned example, and does not deviate from the summary of this invention. 
[0052] 

[Effect of the Invention] As mentioned above, the friction energy which works between the tire 
which is produced by accelerating rotation of a tire according to this invention as explained to 
the detail, and a road surface, Or by calculating noise augend using the friction power committed 
between the tire produced by accelerating rotation of a tire, and a road surface at the time of 
acceleration of a tire, at the time of acceleration of a tire, repeatability is high and can predict 
the level of the noise outside a vehicle often [ precision ] and easily in a short time. The noise 
outside a vehicle can be further predicted [ by computing the slip ratio or slip velocity to a road 
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surface of the driving force which works into a tire especially, and a tire using the car item 
information on a car, and the travel-speed information before and behind acceleration of a car, 
and computing friction energy and friction power using this ] for noise augend easily in a short 
time at the time of acceleration of a tire at the time of acceleration of a tire. 
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* NOTICES * 

JPO and NCiPl are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing an example of the noise prediction equipment outside 
a tire vehicle which enforces the noise prediction approach outside a tire vehicle of this 
invention. 

[Drawing 2] It is the explanatory view which explains the rate, the driving force, and the normal 
load at the time of the acceleration transit by the target tire in the noise prediction approach 
outside a tire vehicle of this invention. 

[Drawing 3] It is an explanatory view explaining the drive mu-S property of being used for the 
noise prediction approach outside a tire vehicle of this invention. 

[Drawing 4] It is the flow chart which shows an example of the flow of the noise prediction 
approach outside a tire vehicle of this invention. 

[Drawing 5] It is drawing showing the comparison with the driving force computed by the noise 
prediction approach outside a tire vehicle of this invention, and measurement driving force. 
[Drawing 6] It is drawing showing the comparison with the noise forecast outside a tire vehicle 
predicted by the noise prediction approach outside a tire vehicle of this invention, and measured 
value. 

[Drawing 7] It is an explanatory view explaining "being a noise test method outside a vehicle at 
the time of acceleration of an automobile." 
[Description of Notations] 

10 Noise Prediction Equipment outside Tire Vehicle 

1 1 Input Section 

1 2 Car Property Operation Part 

1 4 Friction Energy Operation Part 

1 6 It is Noise Augend Operation Part at the Time of Acceleration. 

18 It is Noise Operation Part at the Time of Inertia Transit. 

20 It is Noise Operation Part outside Vehicle at the Time of Acceleration. 

22 Memory Section 
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•r 5 §i** 1 0 kkk© * w 

[11**1 2] f»fc*>f*©iilHiB#$flMtt, 

o TS^iJ^ttHT*©^^ wumm-r&Bm U'W 
asuittjK©*^*** n*»*a 1 ~ 1 1 ©v>-rn^ 
Kim® * << **hw* m a. 

[11**1 3] 3i/ea-*£/B^T, m^©ii«T*^ 

fr-r § rs t «4-r * * f ^oflMfefeff b#s^ t mfe<Dm 
*>f+©iiiiE*Ana*-*tfcic«fco-c&i;* 

fBH&tto 

[W**l 4] W**l 3fcf5«©^-r-V*^S^iffl 

c ©$W©$ffiH7c1tlS i: MIB»M©S0jlM^©^73i 
*1«Bi:*fflv»T, ^^^©Hilto^iJDS-rsmc^-r^ 

[000 1 ] 
[0 0 0 2] 

[^*©sffi] ^ftx mmvhummmftm^iz, m 

tO^Tt>» J I S D 1024-^ISO 362 
«koT riM$<O^I$$ftH€ta*#&J fcLTBK 

*j^c*jiA3iiav,. -efiHA-A 1 (4i 

A -A' *>e.2 0mgtnfc{aiB-B' Cfc^Tflftffiai 
fiV-, T-IKUi^-ar^o *©», *SC©t(iWffiSA 
— A' *ffliflLft^ $MC©mJS^fitSB-B' *a 



(3) 

3 

lasts n/cv-r * a u^;i/£ft$j-r 

[000 4] 

PifcB^fclWiarctt, ±fB ri«j*(DijnaBf*^g 
I**Pifcflrr C t K. J: o T, ^OftMttUfcWftTf 

•£1% »»?S«>« I S 0 1 0 8 4 4ttjfi±*j£fT-r« 

[0005] sfe, *4moai£iaxfr&*^*®ftn 

ai^m^SW^**^^ *WffiB^«MjfSi:S^ 30 
[0 0 0 6] «Atf, ±IBJ I S D 1 0 2 4-^1 S 

0 3 6 2 T«£n£ rmmoijmmMKWignm 

iig<Dipji^fif^3^ 
*LTi 0®gS©iP3a3iff*«ftBi:"t*fc*x coin 

a^ttttocfl 3 opsins. £?>fc\ hhbgk:*- 40 

u»t nw.<offiT&Qr x-mmmmwzvi 5 mm 
*>. coftiaB£fTK»K»3o«-*s-r*o se>^ ± 
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4 

•&T^W-tt2 7 0^Ol^iai*H , r*o 

«naB6fffc3», iwsotf5ot*#*bT 1 ommm 
<Dmmjm&&m:V$>zrctb, ^3 o^wsts-r*. 

[0 0 0 7]Ktf, ##glEfcJ\ ±8EIHMj£*l*ifiU 

* ^ ^©^ant $ns#© uowtwmm < , ma 

[0008] 

k, *fgH^«, ^^^(D*psNf*^s^*> m^ag 
T?*ff -r s i»k:«4*r * # * ©* ttjtfrWKS £ 

flwrnsarefcoT, MiB*P3iB#^ti*p»t±, * 

MfcflKJWfcx*;!/*-, fc5l^H\ ^^©[alslMn 

[0009] ccx\ matummwi^mmit, mm 

t\ M!e*s?x*;i^-«, ^-r^coiEiiE^Apjai-^^ 
-a, mmwit)£Mmxvv7ii.*mwLx#.iibz><D 

<, l9IB**x*;l/*-tt, Buf5IEij^^tufExy-yy 

[ooio] MieiKiJtia, ^^-v^gsbrc? 
y <v ^jt^s^tiMiBT. y y -fmms., m^wa l 
[ooii] ccx\ ±m$-{^!$mm^mj5mas 



(4) 
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1 2«aTfc-r*03Wff*u\ set, mk*^*© 

[00 1 2] SEfc, *f5W«, 3>£a-**JlV>T, 

x*;I/*- % S*v>« % ^^©lliefcinifff Scfcfc 
AoTftCft^^fcWBIBfcftOWittlW. 20 

[ooi3] d<iT% ±m*'( j rmm&*f>m-?u>?<7 
*^ **m«b£u 

*P5©* pWStcIWB i: Ml E* W©j[in»ffi»© j£fT^^ 
«fc*ffli^T\ *>f*©ig*^jtai**siRfc:*>i'*fc« 

itwtamtit. WExyyyjt»*v»i4iBExyyr 30 

[00 14] 

B85i©iS«©«JB] CTF, *5W§©*-f 

SB««t*icov^ ^©Hffifc^sfts#a*as«i* 
stcfrntcttiiii-s. 

[0 0 15] Hitettx *^©****$HHmW5r 

n?. 0 #^¥wii^$jsgi oa\ H7t*tJ:5 40 

&J I S D 1 0 2 4T?£*S rgij^cDttljIIWI.* 



• 11, ¥P5ftttM»g|5 1 2, gJ£x*;l/#-$gg|U 

4, iiQjiBts^iiAoiMSgp 1 6, m^nmm^mm 

351 8, *Dji^<^SBMWa52 0fe«fctf*M^7Clfil 

^-^©KttM - s n®.m<owtmmimum% 

**y*2 2fc**l/c*ia**i*. £©<fc?& 
*rt"e*fr*ftT«i&*w«-*v:7 F>)x7t«* 

Snfc^-F9x7fc*oT#WtenS*>©T<fcoT , i> 
[0 0 16] ltt, KHOfefttft^Tjtffr* 

hhkmjhbi 8t»6ns. 

[0 0 17] ¥M#ttSI»g|5l 214, A^gPl l«kt>2S 

a*»i i ^mztircmmcowmimtzft 

MHiiC©*litS7c1t»£i | KfaU C©*W^7c1fS 
Sfct>©*'f*Tfc«<«IMjF. fi*tf^-VTCD* 

[0 0 18] «6x*;l/*-»jras l 4«, mffi^ttig 

mm 1 2xwmzntcmmtiv, &&xsBimmiitt% 
v\ a*»i l^feassnfe^-r+oaa-fKiioaBi 

SP2 2*6"ftffflU *'J'y:/J£S£*fflLT#ax* 

[0 0 19] d<lT\ X'Jy^itSfcfcJu H2fc*-rj: 
?}C, $^*T©lstfD£$»¥g*R,- *-<*T©iaiE 



»«v. Ties (i) ^s««n*Jt*-e* 

-So 



S = (RXco -V. ) / (Rxoi) 



(1) 



[0 0 2 0] Klbji-Stfttfctt, *>f+T©lsl 

eftjig(»©iinjifc«koT, 02fc^-r«kdJc^'C-VT 

i:8SiiGi:©HBhHi<K»*F. t, *>f*T#»iEG 
*ffb#»SffiMFi £©J±, ffcfcSJMM&ft/i (= 
Fx /Ft ) *taUv:/ItSK:ttLT2©J:3lc«{M- 

OS»fi-S1#tt*f#So t&frlS, trfT^TBf, Sib 
*F» aOT^SfcfeXU'y^JtStiOTfeS^ 



50 



■*T©@(Eft3Sfitt>©ioi*fc:«fc!K *-<+TttBffiG^ 

^■JtStt*SBfc*t<*«. tj^U ^-T+TtSSffiG 
M©*««a/iK:ttHI|i^a&»)x VIMtiii 

<ii:tt^u>. t*t>^ ^-r-VT©0fEftiijea)©ijpji 

tc«fc^7.<; v^ttjVSr ^Sx.?>i:, ^•i'-tTtiSSffiG 
t»LTffils*l»J6b, K»*F. JiiSTU ®«^R 



R/i.aqt&nsfc-atWfcxy >y7i±s. 
[0021] c<D&?%mmii-sftmz, c<D®&m 

Ed = F, x S 

d(iT\ awx^^-Ed *<s (2) 7?*«ns© 

[0 0 2 3] J*$x*;l/#-Ed (4, 

**-f*T©gtt*Xdu, (4, mmrzit'iVTfflm 

t) R £fflg L T» 6 n 5 * -f * T ©S&ffi G 4: & * 20 

Xdi* = (RXo) -Vv ) 
±fE0«(4, JWfcxiM/^E* %S (2) ©4? 

(c*5l,>T(4, cnfclB^Sn-f, TIBS (4) (Cfto 

E. = f CF, , S) 
[0 0 2 4] fiPill^g^iiAPS^SaP 1 6(4, ^l£x* 

SL = 10 X log )g 

*»K rOi*tElt»r*»"C*flKg (Ed ) ©ffi 

cilT% g (Ed ) 14, 12&?2&, 
«6ttt33WSO^flW-p**. C©4?&iQiII$ii^ 
tt*P«iLf4, s£ (5) K*«n*J:5lC, *f^T© 
fflfi t fi€ftl£ttBM t: ©S§8t r OBMftic AotS?n 
5©t?, J I S D 1 0 2 4© rgg|$©fr]3il$$ft 

Wft^«$©*©*WC©ffi#f^*-^-My?«L 40 
h, , *JB^TB«r. EgMU S§8tr. left 

©{I££{fc£-£T, SSir. icttl-«inaD«miMal 

<SL%#A63o <l©ckd^i!jD3iB#@^li*Dl<5 L(4*JQiI 
Nf¥^S^i*gg|5 2 0 (eg & n § „ 
[0 0 2 5] Wtt£fT*Kftt]I.S I 8(4, A*)8Bl 1 

gm-r^gPfiT'^So CCt?flH43ifeffl*HSLfcH:, * 



(5) ttM 2 0 0 2 - 9 0 2 6 4 

8 

Hft«OT»» ^»«4©Bll/i-S«rtt*M*y»2 2. 
[0 0 2 2]-*, Mfcn^MP-E* fctts *^-vt 
Acts. CCT\ Jgj§x*;l/#-Ed 14, (2) 
(2) 

*-r*isoasRX(Bi:*iijtffasv. ©ass^, * 

t tT*©)ijiB#Kt^*-r§ii4:CctoT*$5o « 
e>£, C©SIjBH3flSt(4, f®*jA*ffiEi 3^6810 Hi L 
4SEt iTOBIiLiaUERxa'PllMM-SCfclCj:-* 

Tt#e»n§ 0 -r*t>-6, ^w-YToaEfiaxiu, 14, t 

IBjS (3) fcf£oT#**jW, 8g#&#ffiEi ^58E0 

a use, *t»©raiL©»bj5«tt«x*» ©g^t 
**r?s, a (2) ©*-e««-r*cfc««T*s. 

X (L/ (Rxco) ) (3) 

★ffl^fcws f T?*ti©T?*nfcr, t^-f m?a&ort>4: 
v m*. if, sn ^ f« t x u y yjt s © 2 ^ 3 #© 

(4) 

■sir s„ cc-e, m^TCDtmmmgmtoms u4, tib 

a (5) (C^oT, K»i^-E< ©^«Sg (E 
(Ed ) / (2« r 2 ) } (5) 

3tfr»SV. tc^LT, C, xlog (V, ) + Ce 

(c. tsetse* miz<Dim) <DBr*m$nz, 0 m& 

^Y-VT©fiSi:SgiJ^{ueM©{!iBi:©Sgil% r 
Lfc^©SBHSM«*#liLT, g^il^ffilMfCfettS 
iaja«t»©*3iffjlSn:i3ttsflltt3ifT««B L 
§ 0 ^©^, H5fc^-rJ:5k:, $Pii7t1f^©^©m 

IB rgi)$©ijD3i^*^g^KSWSj TS«)5EIr 

. ica«u reitr. ^^fk^-^T, mmr, \zm% 
tTBts^L(4, ftm*^MififMiHi>2o icasens. 

[0 0 2 6] toii^^Mgjgga52 0(4, f»1fe£*fB# 
■«Llcft]it>HHfiMftil6Lfl^jft$n«. ^E5c7?ffi 
(4, 6 nr t fctWtt^ff B#g# L fe J: ttoMMf iM 
ialiL^, d B A©mfi©r-^T'fe5©T\ -fig 

50 ft, J*WE*«nTdBA©J|lfflfcR«n«. ilU 



[0 0 2 7] **U»2 2Ktt, *PiHtfc1*«tf *P5C 

a^ts * tfsss g ©aao«*#*)«K k$w* nre 
imm-£m. mm. • w^mm. &mnm. mmmm. m 

HA&ftS, FF^FRlf©»SS 

fej;t;4fi j f>2fi^offii!ifsa^<Di««-ea65o *po© 

[00 28] efl^2ft«KIM-Sttttld:, MT S 
ttHFT-III IS©/i-Sl$te*8firr5Srt#±»lJ£ 

6T?ffl^5ft5*»x*;l/#-Ed ©£«S 

.toTmaowiSg (Ed ) «wjE*ti*±5ic, ^ 

Ua52 2tH»g (Ed ) ©««A««fi!«r*nTt«fc 



(6) Wffl 2 0 0 2 - 9 0 2 6 4 

10 

cDT'fe?.AV *8Wfc4B^Ttiu JgJix*;l/^-Ed CD 

$Wd ^ffl^TU^o £©*§£> *»x*/I/#-»JI 
Oil 4K«*.T\ ^tt^iHWgP*fflV>5o ««M±* 

1f ftisSSSfl 1 2A>P,^e.nfc«^^/xil^^Ug|52 2 
(Rxis-V. ) (=AV) £*A6, CO^Uv^aaS 

(rxo-v. ) Km®±>¥, *mnt%ctic£-3x 
mmtmmw* zvm, sr(5) ©£«s© 

[0 0 3 0] *ic, *«Wo*^ir**W«*»*ttfc 

ov^t, B4ic^n«^>r-v*^nH^M8aii ok 

1 fc » ilAiia V ( k m/ h ) 43 J; tf JWfflilS V- 
20 (km/h) , *MC©ffi$I, *^-VT©aSW3«£t/Sg 

0) . A*«tife1MBa:» 2fc 

CO*WK7c1Ilf«Otp©*lBi^5L«.i £fflt>T, T 
IBS (6) tCflfoT, i7tCfNtfiiA-A' ££©& 
Sffr£2 OmBtnfc&lB-B' fg©jtajljga (m/s 

2 ) tfuwsns (7f7^i 02) „ 



*-f*T©W»x** 
{ (V«, t /3. 6) 



[0 0 2 9] ftfe, ±!BH8S0>Jfc!u 
a = 
. +20) 

ddT% S (2) ©##fcfe^T (L«.i +2 0) t 
A' fcaJiLfcft, ^COSWB^ttBB-B' fcili® 

Rt = (W, + AW + 

BKfls&ffiSttti* £*a*w, oo. o 
7«w±o. 1 2«aTT»*©36W*b<, 9mm 

o« o . ii fg©ss# i§w#t§^mm t hxm^ 

[0 0 3 2] CCT% ENE*#ffi3SlAW£fii\ *W* 
R, = 0. 0 2x (W. + 

^n, $e,tc, «pic©aaK<fcoTS**Kiiiiift 
«n = 4, *^**n, tibs (9) KUoxmmctD 



- (V.. /3. 6) | /2/ (Lu», 
(6) 

[00 3 1] JfiibZftfchmmalZ, *M«7t1t«©* 

<D^$a«w, *«fctfsts-awfi*wfckt,t. hum 

S*tR k *TIBS (7) KKjeoTHaf « 
0 4) o 

w) Xa/G (7) 

•liitcfc-pT^USlS^DSttRr tt, -ISWtc, 

TIBS (8) iC^oTK^DigtaRr * 

w) (8) 

G^e.§lt5-tSSfct)<DStt±lF. &Wtii*tl& (7, 

stt4C5*\ s«fiffttt» irajUgJiR* fce^oasi 



40 



(7) 



11 

F, = (R- + Rr ) /n 
[00 3 3] Z.<D^o\Z.LX^^n^>^^\T\Z.m< 

%£*fi*W, ©0. 07{gJ-X±0. 12«MTfcUT 
L<»- Sfc, 5£ (8) fcftoT#J&fciE 
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12 
(9) 

0 8ffiffcU S (9) 4>© 
te©fS*Tfc»), 



10 



20 



[0 0 3 4] H5ttt, ¥MCi:tT, ttlMBttOFR 

*ffl**ffiir\fci$©, * (7) ~ o) zm^xma* 

■JlttfimS&mitiX^&c CCT, 3!l*ttKtc«tDS!l 
fcSttSWJ&BIMjtt, &*&©¥tttclR 0 

7 t^-rWI)Wftt(!eif\ JITJMEVii * 5 0 k m/h 
kit, ffilA-A" *»63IXU ttlB-B* 
TIHffliSfiV«. -Wiar*. H4*©4^7tt, iifi 
£ (V- -5 0) fc»T*B»a©BWS*jKU HIS 

[0 0 3 5] $fc,.H4fctt, « (7) , (8) 
(9) KJ:-aT*a«n*KHl*F, fcOV»T, IBtfO 
SmRr ©#&, fe«ktf|HllE«S»ffl^««AW©8i*lC 

BW*3*tt©«awAW, □En*5<fctf*9i©#te#-e 

[00 3 6] CCT, B4«P©ASJ«:, £ (7) 4>©H] 

KawiMaaffliAwftjwMWico. 0 8«ku 

S (9) >f©iEtfDlfflnRr ££ (8) CftoTffl^ft 
*£©«Sn?*D* nmt, S (7) ©EtegP^ffi^M* 

AW. = hx (Wi + w) 

it, d^LTSliJ^n 
^S)AW. tt, TIBS (11) fc*V»tt (1 2) SK 
F F©«^: Fx = (Wr - 
FR©»&: F. = (Wr + 

Wr tttttttt?* Wr =W. +W- 

Wr T-$>§„ C1CT% n' (4, tf}fftfeSV->{4^W©*Si 
0>J*.t4\ *ffl*©»& % n' =2tf**o 
[00 4 0] c^LT^&enfcigiljflffia, -T&fr *40 

fi = F« / F« 

xf'^io2~n 2 ©saga, •jWfra*«v'»T«a 

Ai:bT> Mechanical Dynamics. Inc. HM ADAMS 
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X\ 



*«A-w*a*a*Wi ©o. 

^ (7) ifOlBlfcflttttBSl 
0. 8«fcU ^ (9) ^©Kft^fifiiR, £0£Lfc 
*£©*fi£T?fc£o fcfe, *fflfcfel/>T, 5$ (7) *© 

@K»iMaaMiAw*a¥s«wi ©o. satire 

©W\ *ffl*©«^ % $$HW. ©0. 8{g, 

«Sh7yj'Oi*, $MIW. <01. 1 0§T?$5 

kiij*eh, boi-hei, P6 6) *»6-eft*. 

[0 0 3 7] H5*»6lfi&jMJ:J:$fc, ♦9rT?S£ft3 
liiW^SfliW, ©0. 08*gtU (SsJbCOfiK 

R»*#«bfcAW-ff*o, *©*tnaiTi6*o fit* 

©»flte3i^T@te»#ffiS** A W*2*MWi 
©0. 8fg£Lfc*EPtiu 8«£WKi*©ig*^6**< 

[0 0 3 8] *PfC*h7V^4:bfc*&, j£ (7) ~ 

o) «fflv»T»a«n*MW3F. 

llAW^SHW, ©BS0. 1 \i%t?Z>Z.£lC£ 

W^SMIW, ©0. 0 7ffif£U:0. 1 2«WTi:-r 
5©*WSLt/\ 

[0 0 3 9] &IC % Xfy7l 0 2T*##>fdJD3§fia£ 
ffl^T, A0iiaat#5*WC©M^ti©^fi^«)AW 
. *TKjS (1 0) .C&oTStiif £> (Xf7/1 0 
8) „ 

Xa/L. /G (10) 

Tt^ffl-rssitfflffiF, arams** (xf'^i i 

0) o 

AW. ) /n' (11) 
AW. ) /n* (12) 
★ ■5, KftllO^^ + Tt^ffltSSiaffifaF. i:, 
•y^l 0 6T'gm?nfcig«)^F. il^ffl^T, 

(i 3) isMoxwamomum^ mm 

H©^^^T©*««»/i*)Wl1-S Uf-y^l l 
2) „ 



(l 3) 

SitffiSF. *IIUfiCt^c!4. ABA 

qu ss©fcHS*ft:/p^i»-em*£ftfc*-r+* 
[004 1] ftfe, Bii^F> (4, wufa^awiwffy 



(8) 

13 

^tt*©-fe>"9-T?IIIRfe:fHW«nTB{»«nfct)©* 
SUBLTfcJ:^. $fc, XU <y7JtSfc5Wi*y<y7 

fe«fe tf 2 ■< -V T <DI°]$s>Ift£$J£T SCfctioTSft 
[0 0 4 2] «*x*;l/#-»J«|5 1 4 T'tt> A*)gP 1 

jts*»tfj-r* Uf«^i 1 4) o niiM-s^tt 
«, MMtft /i fcitf * y v 7Jt s *«7t<t£ ft-tv 
5©t\ ^-r-vTtcipt)§Sia?sfaFz ^a***^ 

[0 0 4 3] *fc, Wffi*nfc*Uy:/JtSfcKIMjF 
. kfcffi^T, S (2) JfcS (4) tcfi!oT*»x*;l/ 
^-Ed {*TV?\ 1 6) c C3LT»ti 20 

fy^l 1 8) o «ffi^T*«> S (5) K«EoT»tiS 

CC-P, g (E* ) <Dffl$fct LT, C 3 
xEd +C4 ^Cs XEd 2 -C» XEd (Cs ~Ce 

^£ft5o «&KS (5) tOBIr*, 07fc7jVt<fc 
5 ft, ¥M^7c1tffi<04 l O*PC©HU#r-r*— 

ffl*«{b«-erT, sgsiro fc#i-sipj§B#s^tiiip*a 30 
[0044] flHfe£fP$8«»»» 1 8-eii, A 
hsl*juhi-s (xf'^i 20) o fftt>-^ tut 

^tB#M#L^C. x 1 0 g (V, ) + C* (Ci * 

lt, sgsir. Km^mmmm^i 40 

[0 0 4 5] 2ia%$*ftB%ftftffi2 0T?&, &P>ftT 

t /-dftt^T ftm^ l t ApiiBt g^iiiDi sit tf-gm 

v*ft, *^T©JlP5lB$*flML + «5 Ltfgffi£ft5 
Uxy 7°1 2 2) o CCT, &£ftT£fdf1&£fTB# 
ggLtSiOlnji^S^JiiPli Ltt, d BA^Tlf 
e>ft3fc#>, yx7ft#EtC^2ftT, (slUSgglro 50 
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^k£ft£o C(DJ:3ftj!lP3iBf*n!liiL + (5 L(Dx- 
*tt, *>f*«flWM8Se.Il O^eUl^T-^kL 

TtttfiSft, H*«ft»v^x^^yy>^n»(DiH*SE 
l£gdlx-##fcb*i£ft, fcStHi, *MC©ffiBJc 

[0 0 4 6] ±fB73StC«toT^iJ$ft^:^ 
^^TOJ!lPjgB#*^a^L + 5 L©<D^»Ik, flIMC 

[d B A] **HHcl/CjSLTV«. ^IiJffii3<fctfiJ^ 

ffiatOSPSOffiBKW-rSKSl^/I/^bT^S. ft 
*5, ffiJlLfc*'f + TH\ l^ftfcSMUfl 
9, 2 0 5/5 5 R 1 6 <D 5 ttlf CD 2 -f-^k, 2 15/ 
60R 1 6©3tt8l©*-r-^fc, 2 2 5/4 5 ZR17 
cD4{±fi?<D*-Y^k, 2 2 5/5 0ZR 1 6©1 0{±S 

[0 0 4 7] 06^, S (5) iCto^X, g 

(Ed ) £\ C 5 x Ed 2 -C. XEd (Cs $$&TSC 
e tt, vvfftt,Br£©«») i; UTf#5ftfcj!iP^*y1- 
®^ L + S L <D^PKI k WlJZmozfu 7hT'$0, 491 
«, S (5) OHWx^l^P-E* t*»tt» 
$Wd ^CD^fCD, g (Wd ) C 3 XEd + 

C4 (c, *5<ktfCd ti, ^fntm*©fla» kLT 
t#?,ftfctojiBf wnrng l+sl co^mm tmi^m-? 

[0 048] 816*0, ♦EPO^?»J 1 lkSiJ^<ii:<OffiM 

i. o o o 8 xmmm, kfto, mm&<, t^t, s 
■0]©^»jffi^S"j^fflk©tBM^ia«iBSo. 9 

TfeD, 0»St>, ^ffllS=0. 9 9 9xjB!JSffi, kft 

[0 0 4 9] JKDJC^ft^-r-V^S^ifJTjS^ffl^ 
5dkT% HHtjifTWeWL, *3ctO\ Kft/i-S«ftt 
#H&rc?i&3»£, AP3i^$HSB L + 6 L^mHiti^ 
•f*^ 1 0 ffitt^tf BfS^ L *5«fctfffi®l ft - 

S Wtt*«t)*»o TfeP>-f, COKilft-SWtt©j!IS* 
<£SSk-r*»&K*^Tt), Wft/i- SWPttOSJSK <fc 

mm&t>?fr i ^sst-s. o , «tt*fTB*Bi* l oij 

*^P)ftl/\ ft*> J I S D 1024-^lSO 3 

6 2T«^ft5 riij*©)!ipii^*^s^ii73Sj 



(9) 



15 



coo5o] tKo&oKzjvmnmgo^fflfimt. 

2 0co^^Hfi|-r5ya^i,^fa^^ti:^^ 

[00 5 1] ♦JWW'TWJmffliSft* 
teoi, vcsaicKIJiLfcflV. *fSHtt±IBISMiJfcl85£ 

=fc T t «fc <^© tt ^ 5 A/C*& 20 

[00 5 2] 

©mfi^iiD^-r § c i: \c <fc o T£ C 5 2 * i: 

l>\ #^©Kffifctt^XUy7i£;&SVM±X'J y7 



WM2 002-90264 
16 

[02] *«wo*>f-vwB« : P8!ttrffiti3^r«- 
[03] *«w©*-r-\'*^He^»i*atfflv^6n 

§SBi) ft — S 1$tt*KWf SWWHT?»*. 

[0 4 ] *&$©* >r***wrai*ito*n©- 
im 5 ] *»w©*-f -v^Ke^ ffl*ffi^»a*n 
[06] #^©*^*WHffm&»T*FW*n 

[0 7] rgn*oftiaP9*jUHFfe(M#&l *WW 

i o ^-fimg^iJiii 

1 1 Xtlffl 

1 2 *P#ttMSg|5 

1 4 JWRx*;!/^-*** 

1 6 jhS0«H*4Ma«MnS 

1 8 tft&ifTftHSffiJIffi 

2 0 ftDS^Sftmftftffi 

22 ^ty» 



[02] 



[03] 



[05] 





C77 


R G 




I 

1 








120 



100 
80 
60 







* * 




0 









5 10 



15 

(60km/h) ] Dan/h] 



20 



o Rh Iin*«ta ( A W=0.08W ( ) } 



Wffl 2002-90264 



[01] 



^12 



/i-S 



22 l 



T 



J t> «4 











JtaJ 


f3SS 



E 



.16 



^20 



L+$L 




To 



10 



[04] 

(Xt-V? 100) 



s ■ 102) WW* 108) 



(XT*yZf 104) 



(XrrvZ? 106) 



(X-r-yZf 112) 



(X-r?:7ll4) 



X'J<y?ifc S (DStii 



<XT^/?116) 



(XT^^120) 



(XTy^lie) 



(Xx2?122> 











m 





(Xt-^110) 



[06] 



[07] 




+1.0 +2.0 +3.0 
MflftCdBA] 



+4.0 



